This study aimed to analyse the phenolic composition of wild fruits of Arbutus unedo (strawberry-tree), Prunus spinosa (blackthorn), Rosa canina and Rosa micrantha (wild roses). Analyses were performed by HPLC-DAD-ESI/MS. Prunus spinosa fruits presented the highest concentration in phenolic acids (29.78 mg/100 g dry weight), being 3-O-caffeoylquinic acid the most abundant one, and flavone/ols (57.48 mg/100 g), among which quercetin3-O-rutinoside (15.63 mg/100 g) was the majority compound. (+)-Catechin was the most abundant compound in A. unedo (13.51 mg/100 g) and R. canina (3.59 mg/100 g) fruits. Arbutus unedo fruits presented the highest concentration in flavan-3-ols (36.30 mg/100 g). Cyanidin 3-O-glucoside was found in all the studied fruits, being the major anthocyanin in most of them, with the exception of P. spinosa samples, in which cyaniding 3-O-rutinoside and peonidin 3-O-rutinoside predominated; Prunus spinosa fruit presented the more complex anthocyanin profile among the analysed fruits and also the highest anthocyanin concentrations, which was coherent with its greater pigmentation. All in all, P. spinosa presented the highest levels of phenolic acids and flavonoids, including anthocyanins, flavonols and flavones, although no flavan-3-ols could be identified in its fruits. The present study represents a contribution to the chemical characterization of phenolic compounds from wild fruits with acknowledged antioxidant activity and traditionally used for several folk medicinal applications.
8 programmed for recording in two consecutive modes: Enhanced MS (EMS) and enhanced product ion (EPI) analysis. EMS was employed to show full scan spectra, so as to obtain an overview of all of the ions in sample. Settings used were: declustering potential (DP) -450 V, entrance potential (EP) -6 V, collision energy (CE) -10V. EPI mode was performed in order to obtain the fragmentation pattern of the parent ion(s) in the previous scan using the following parameters: DP -50 V, EP -6 V, CE -25V, and collision energy spread (CES) 0 V. Spectra were recorded in negative ion mode between m/z 100 and 1000.
The phenolic compounds present in the samples were characterised according to their UV and mass spectra and retention times compared with standards when available. For the quantitative analysis of phenolic compounds, a 5-level calibration curve was obtained by injection of known concentrations (2.5-100 µg/mL) of different standards 
HPLC-DAD-ESI/MS analyses for flavan-3-ols and galloyl derivatives.
The extracts were analysed using the HPLC system described above with the following conditions thermostatted at 25 °C: (A) 2.5% acetic acid in water, (B) 2.5% acetic acid/acetonitrile (90:10, v/v) and (C) HPLC-grade acetonitrile. The elution gradient established was 0% to 100% B for 5 min, from 0 to 5% C for 35 min, from 5 to 50 % C for 5 min, isocratic 50% C for 5 min, and re-equilibration of the column, using a flow rate of 0.5 mL/min. Double online detection was carried out in the DAD using 280 nm as preferred wavelength and in a mass spectrometer (MS) connected to HPLC system via the DAD cell outlet. The MS using the same equipment described above programmed using the following settings: declustering potential (DP) -40 V, entrance potential (EP) -7 V, collision energy (CE) -20V. EPI mode was performed in order to obtain the fragmentation pattern of the parent ion(s) in the previous scan using the following parameters: DP -40 V, EP -10 V, CE -25V, and collision energy spread (CES) 0 V. Spectra were recorded in negative ion mode between m/z 100 and 1400.
The proanthocyanidins present in the samples were characterised according to their UV and mass spectra and retention times compared with standards when available. For the quantitative analysis of phenolic compounds, a 5-level calibration curve was obtained by injection of known concentrations (1-100 µg/ml) of different standards compounds:
catechin (y=161.23x+177.26; R 2 =0.9992); ellagic acid (y=36.81x+257.13; R 2 =0.9979); gallic acid (y=298.26x-634.14; R 2 =0.9949). The results were expressed in mg per 100 g of dry weight (dw).
Analysis of anthocyanins
Extraction procedure. Each sample (1 g) was extracted with 30 mL of methanol containing 0.5% TFA, and filtered through a Whatman nº 4 paper. The residue was then re-extracted twice with additional 30 mL portions of 0.5% TFA in methanol. The combined extracts were evaporated at 35 ºC to remove the methanol, and re-dissolved in water. For purification, the extract solution was deposited onto a C-18 SepPak ® Vac 3 cc cartridge (Phenomenex), previously activated with methanol followed by water;
sugars and more polar substances were removed by passing through 10 mL of water and anthocyanin pigments were further eluted with 5 mL of methanol:water (80:20, v/v) containing 0.1% TFA. The methanolic extract was concentrated under vacuum, lyophilized, re-dissolved in 1 mL of 20% aqueous methanol and filtered through a 0.22-µm disposable LC filter disk for HPLC analysis.
HPLC-DAD-ESI/MS analyses.
The extracts were analysed using the HPLC system described above in the conditions described by García-Marino, Hernández-Hierro, Rivas-Gonzalo, & Escribano-Bailón (2010) . Separation was achieved on an AQUA ® (Phenomenex) reverse phase C 18 column (5 µm, 150 mm × 4.6 mm i.d) thermostatted at 35 ºC. The solvents used were: (A) 0.1% TFA in water, and (B) 100% acetonitrile. The gradient employed was: isocratic 10% B for 3 min, from 10 to 15% B for 12 min, isocratic 15% B for 5 min, from 15 to 18% B for 5 min, from 18 to 30% B for 20 min and from 30 to 35% for 5 min, at a flow rate of 0.5 mL/min. Double detection was carried out by DAD, using 520 nm as the preferred wavelength, and MS using the same equipment described above. Zero grade air served as the nebulizer gas (40 psi) and turbo gas (600 ºC) for solvent drying (50 psi). Nitrogen served as the curtain (100 psi) and collision gas (high). Both quadrupols were set at unit resolution. The ion spray voltage was set at 5000V in the positive mode. EMS and ESI methods were used for acquisition of full scan spectra and fragmentation patterns of the precursor ions, respectively. Setting parameters used for EMS mode were: declustering potential (DP) 41 V, entrance potential (EP) 7.5 V, collision energy (CE) 10 V, and parameters for EPI mode were: DP 41 V, EP 7.5 V, CE 10 V, and collision energy spread (CES) 0 V. 
Results
The characterization of the phenolic compounds present in the wild fruits was 
Phenolic acids and flavone/ols
Prunus spinosa fruits were the only ones that presented phenolic acids, all belonging to the hydroxycinnamic acid derivative sub-group, among them, five compounds (peaks 1- In all the studied samples, quercetin derivatives (λ max around 354 nm, and an MS 2 fragment at m/z 301) were particularly abundant ( (+)-Catechin was the most abundant flavan-3-ol found in A. unedo (13.51 mg/100 g) and R. canina (3.59 mg/100 g), and also was a prominent compound in R. micrantha (2.90 mg/100 g), although a glycosylated proanthocyanidin dimer (peak 6, 4.93 mg/100g) was the most abundant flavan-3-ol in this fruit. A. unedo fruits presented the highest concentration in proanthocyanidins (36.30 mg/100 g dw).
Anthocyanins
The anthocyanin profile obtained for P. spinosa fruits, consisting of eight compounds, was more complex that those found in the other fruits. Only one anthocyanin was detected in R. canina and R. micrantha fruits, whereas three anthocyanins were detected in A. unedo fruits. The analytical characteristics, identities and concentrations of the anthocyanins found in the different samples are presented in Table 3 . The highest phenolic acids (29.78 mg/100 g), flavone/ols (57.48 mg/100 g) and anthocyanins (100.40 µg/100 g) contents were found in Prunus spinosa fruits, despite no flavan-3-ols compounds were detected in this sample.
As far as we know, there is no information on the phenolic composition of R. micrantha fruits; our group has already characterized the phenolic compounds of flowers from this species (Barros et al., 2013) . The total amounts of each phenolic group has been reported for P. spinosa fruits from Spain (Ganhão et al., 2010) , but the individual profile of this species has not been previously described. Ganhão et al. (2010) and flavonoid aglycones, such as quercetin, kaempferol and myricetin. In the Portuguese sample these types of flavonols were found but all of them were glycosylated; this could be due to the fact that the extract studied by Tumbas et al. Figure 1 . HPLC phenolic profiles of Arbutus unedo obtained at 370 nm (A), 280 nm (B) and 520 nm (C) used for recording flavone/ols, flavan-3-ols and galloyl derivatives, and anthocyanins, respectively. Note that different chromatographic conditions were used in each case.
